Quarter milk samples from 51 purebred (Angus, Polled Hereford, and Simmental) and 69 crossbred (Angus x Simmental x Charolais three-way cross) beef cows were collected aseptically at three times during lactation to determine the prevalence of intramammary infection, milk somatic cell counts (SCC), and effects of infection on calf weight gain. Quarter infection prevalence was 13.1, 14.9, and 27.5% in early, mid, and late lactation; corresponding cow infection prevalence was 25.8.29.2, and 54.4%. Staphylococcus aurew was isolated from 2.9, 2.7. and 3.2% of quarters in early, mid, and late lactation, respectively. Corynebacterium bovis, generally regarded as a minor pathogen, was isolated from 4.0, 7.6, and 18.2% of quarters at the three respective times. Geometric SCC means ( I d cells/ml) were 1,522, 344, and 509 for S. aureur-infected quarters; 344, 899, and 221 for Staphylococcus hyicus-infected quarters; 65, 36, and 86 for C . bovis-infected quarters; and 20, 17, and 18 for uninfected quarters in early, mid, and late lactation, respectively. Adjusted 205d weight gain for calves with S. aureus-infected dams was 9.6 kg less (P < .05) than for calves with uninfected dams. Adjusted 205d weight gain for calves with dams infected with any mastitis pathogen did not differ significantly from that of calves with uninfected dams. At weaning half of the infected cows and half of the uninfected cows were given an intramammary infusion product containing 300 mg of cephapirin benzathine in each quarter; the remaining cows were untreated controls. Quarter samples were collected aseptically from all cows 14 to 28 d after subsequent calving. Quarter prevalence of infection after calving was lower (P < .05) in treated (8.2%) than in control (22.4%) cows. Significantly more infections present at weaning were eliminated in treated than in control cows, but the new infection rate during the dry period and early lactation did not differ between the two groups.
Introduction
The types and prevalence of intramammary infections (IMI) in dairy cows have been determined (e.g., Dodd et al., 1969; Carroll, 1977; Jain, 1983; Watts, 1988) , and mastitis is recognized as a cause of major economic loss
The objectives of this study were to determine the types and prevalence of IMI in beef cows, to determine the effects of IMI on calf weight gain, and to evaluate antibiotic therapy at weaning as a means to control mastitis.
Materlals and Methods
Experimental Animals. Fifty-one purebred (Angus, Polled Hereford, Simmental) and 69 crossbred (Angus x Simmental x Charolais; rotational program) cows in two University herds were used in this experiment. Cows in the purebred herd were in their first through fifth lactation and were maintained over the winter on hay and corn silage until mid-May, when they were grazed on native grass pastures. Cows calved in stalls bedded with straw in inclement weather or in grassy paddocks from February through May. Cows in the crossbred herd were in their first through eighth lactation and were maintained on hay and corn silage over the winter until mid-May, when they were switched to improved alfalfa and perennial ryegrass mixed pastures. Cows calved in tall fescue paddocks from April through June.
Sampling and Dry Treatment Schedule.
Duplicate milk samples for culture, somatic cell count (SCC) determination, and California Mastitis Test (CMT) were obtained in early lactation (2 to 4 wk postcalving), at midlactation (approximately 100 d postcalving), and in late lactation Gust before weanhg at approximately 200 d postcalving). Calves were separated from dams 16 h before collection of milk samples to assure an adequate volume of milk for sampling in each of the four quarters, and to stabilize the SCC, which, in the dairy cow, vary with the interval after milking.
With the cow confined in a chute, loose dirt and manure were brushed from the udder before sampling. Teats were dipped in a 4% sodium hypochlorite solution and wiped dry with paper towels. Dipping and drying were repeated, as necessary, until the teats appeared clean. Then two to three streams of milk were stripped from each teat. Teat orifices were then scrubbed with a gauze pad soaked in 70% ethyl alcohol. An additional two to three kefa-Dri, Bristol Laboratories, Syracuse, NY %co, Detroit, MI. streams of milk were stripped after scrubbing to expel dirt or bacteria from the streak canal.
Quarter milk samples (12 to 14 rnl) were collected aseptically into 15-ml sterile screwtopped vials. After collection of the first milk sample, teat orifices were again scrubbed with alcohol-soaked pads, two to three streams of milk were ejected, and a duplicate 12-to 14ml milk sample was aseptically collected into a second vial.
Calves were weighed at biah, at approximately 30, 60, and 100 d of age, and at weaning, Thirty-and 60-d calf weights were thought to be important in determining effects of mastitis on milk yield because calves are essentially dependent on milk during early lactation (Totusek et al., 1973; Baker et al., 1976; Holloway et al., 1982) . Calves were weaned 3 d after collection of the late-lactation milk samples. Cows within each herd expected to calve in the following year were blocked by age and divided into two groups based on infection status as determined by culture of the milk samples collected in late lactation. Within each age group, onehalf of the cows infected in one or more quarters and one-half of the uninfected cows were randomly assigned to treated or control groups. Cows to be treated were restrained in a chute, udders and teats were cleaned as previously described, and each mammary quatter was infused with an intramammary product3 containing 300 mg of cephapirin benzathine in a stable peanut oil gel. The remaining half of the cows were untreated controls.
To determine the efficacy of dry cow therapy, quarter milk samples were collected 2 to 4 wk postcalving in the subsequent lactation. Data from 49 treated and 47 control cows that calved successfully were included in this analysis.
Microbiological and Cell Counh'ng Procedures. Milk (.l ml) from each of the duplicate samples was plated onto a blood agar plate containing 2.5% washed bovine red blood cells and .l% esculin in Tryptic Soy A g d (Carter, 1973) . Plates were incubated at 37°C for 48 h and examined for growth after 24 and 48 h of incubation.
After plating, duplicate milk samples from a single quarter were pooled for CMT and SCC determinations. Approximately 3 ml of the pooled sample was used for the CMT detennination, which was scored negative, trace, 1, 2, or 3 (Schalm and Noorlander, 1957) . The remainder of the pooled sample was placed in a 30-ml Whirlpack bag containing potassium dichromate as a preservative and sent to Daiq Herd Improvement Association (DHIA) for SCC determination on a Fossomatic cell counte9.
For a quarter to be considered infected, the same bacterium, in pure culture, must have been isolated from each of the duplicate samples. If culture results of duplicate samples did not agree, or if one or both samples were contaminated, the cow was resampled within 5 d of the original sampling. Presumptive identification of all isolates was based on colony morphology, Gram stain, catalase production, and tube coagulase tests. Staphylococcal isolates were further identified using Am StaphTrac6 (Langlois et al., 1984;  Watts and Nickerson, 1986 
Results
Prevalence of infection at different stages of lactation and distribution of infections caused by major and minor pathogens are shown in Table 1 . Major pathogens are those recognized as causing significant disease and include S.
aweus and most species of streptococci, including Streptococcus uberis. Minor pathogens cause little or no pathological change; this group includes C . bovis and the staphylococcal species other than S. aureus. In Table 1 , "other bacteria" includes organisms that were found infrequently or that could not be identified definitively. Prevalence of infection with any pathogen was 25.8, 29.2, and 54.4% of cows and 13.1, 14.9, and 27.5% of quarters in early, mid, and late lactation, respectively. Whereas prevalence of major pathogens changed little over lactation, that of minor pathogens increased, and this increase was almost entirely amibutable to increasing prevalence of C . bovis.
Percentage of quarters infected among cows of different ages are based on cultures collected at all three sampling times ( Table 2 ) .
Prevalence of infection seemed to increase with advancing cow age.
Staphylococcus hyicus, S. aureus, and C . bovis caused infections that tended to persist &om one sampling time to the next ( Table 3) . For S. aureus and S. hyicus, the numbers of new IMI at each sampling time tended to be about equal to the numbers of infections lost, so their prevalence did not greatly increase during lactation. However, the prevalence of C. bovis increased markedly due to both high persistence and high new infection rate. Milk SCC for S. aureus-infected quarters was higher (P < .05) in early than in mid or late lactation, and for quarters with S. hyicus was higher (P < .05) at mid-lactation than at the other two sampling times (Table 4) . Somatic cell count for quarters with C. bovis was higher in late lactation than at the other sampling times (P < .05). There was no significant difference between SCC for uninfected quarters in early, mid, or late lactation. Somatic cell counts for quarters with S. aureus and S. hyicus were higher (P c .01) than SCC for uninfected quarters at each stage of lactation. In quarters with S. aureus, SCC were higher than for quarters with C. bovis in early lactation (P < .05), but not in mid or late lactation. Early lactation SCC for S. aureus quarters was higher (P < .05) than for quarters with S. hyicus, whereas mid-lactation SCC for S. hyicus quarters was unexpectedly and inexplicably higher than for those with S. The CMT is a screening test for mastitis that estimates the number of somatic cells in milk (Schalm and Noorlander.1957) . It can be conducted rapidly at cowside. Its ability to discriminate between infected and uninfected quarters was evaluated using culture and CMT results of milk samples collected at each of the sampling times. The proportions of quarters with each CMT score giving cultural evidence of being infected increased from 8.2% to 70.8% as the CMT score increased from negative to 3 (Table 5 ). Because the ClMT was being considered as a screening test for the selection of quarters for antibiotic treatment after weaning, sensitivity and specificity of the test as an indicator of infection were calculated using data from late-lactation samples only (Table 6 ). The sensitivity (proportion of infected quarters that test positive; Martin et al., 1987) of the CMT test was greatest (78.4%) when any positive reaction (3, 2, 1, or trace) was considered indicative of infection. However, the specificity (proportion of uninfected quarters that test negative) of the test decreased as the threshold was lowered.
Quarter milk samples of abnormal appearance were observed in both rear quarters of five cows at the 14 to 21 d postcalving sampling. These samples were more viscous than secretions collected from other quarters at this time, and were usually beige in color, however, secretions collected at mid-lactation from these same quarters all seemed normal. Other characteristics of these quarters and their secretions are given in Table 7 . For these 10 quarters, SCC and percentages of fat and protein were higher in early than in midlactation. No pathogens were isolated from 8
of the 10 quarters either in early or midlactation, whereas the other two quarters yielded S. uureus at both sampling times. Thus, the abnormal secretions were believed not to result from infection, but were thought instead to be the result of failure of young calves to nurse the rear quarters, thus leaving colostrum-like secretions in the glands. As calves grew and required more milk, the rear quarters were sucked and began to yield a more milk-like secretion. Dry Treatment. The effects of intramammary antibiotic therapy after weaning on the prevalence of infection after subsequent calving are summarized in Table 8 There was a difference (P < .05) in gain between calves with infected (any type of infection) and uninfected dams in the 60 to 100 d of age interval (Table 12) . Calves having dams infected with any mastitis pathogen gained less (35.0 f 2.5 kg) during this period than did calves with d e c t e d dams (41.8 f
kg).
Similar calf gain data for calves with S. aweus-infected dams vs uninfected dams are given in Table 13 . Calves with uninfected dams gained more (P < .05) (41.6 f 3.0 kg) than calves with infected dams (34.8 f 3.5 kg) during the period from 60 to 100 d. There was also a difference (P < .W) in weight gain during the entire preweaning period, 0 to 205 d; calves nursing dams with S. aureus infections gained less (224.1 f 6.1 kg) than calves nursing uninfected dams (233.7 f 4.9 kg). There was no significant difference in gain between calves with C . bovis-infected dams and those with uninfected dams during any of the periods studied (Table 14) .
Discussion

Bacteriology and Somatic Cell Counts.
Estimates of the prevalence of infection in dairy herds suggest that 40% of all cows are .Sensitivity = proportion of infected quarters that test positive; specificity = proportion of uninfected quarters that test negative.
infected with a major pathogen in one or more quarters at any given time (F'hilpot, 1984) . Until recently, such reports of mastitis prevalence in dairy cows did not usually include minor pathogens, because their detrimental effects were uncertain (Edwards and Jones, 1966; Stabenfeldt and Spencer, 1966; Jain, 1983 ). Compared to data from dairy cows, prevalence of infection by major pathogens in the beef cows in the present study was very low. However, prevalence of infection w i t h any pathogen ranged from 25.8 to 54.4% of cows, increasing as stage of lactation and age of cow increased. The high prevalence observed in late lactation for these beef cows may be somewhat misleading, because it was due largely to the sharp increase in prevalence of C . bovis in late lactation. Corynebacterizun bovis is of questionable importance in the mastitis complex, and its presence in the udder is not necessarily indicative of a severe mastitis problem (Levan et al., 1985) . The prevalence of infection in early lactation in this study is higher than that reported by Haggard et al. (1983) The most common major pathogen, S. aureus, was isolated from 2.9, 2.7, and 3.2% of quarters in early, mid, and late lactation, respectively. As a contagious pathogen, the prevalence of S. aweus within a dairy herd is influenced by mastitis control practices, especially teat dipping and dry cow therapy, and, therefore, varies considerably from herd to herd (Dodd et al., 1969; Kingwill et al., 1970; McDonald, 1970 ; Ebemart et at., 1982).
Reported prevalence of S. aureus in dairy herds (e.g., 29.3% of quarters; Kingwill et al., 1970) is generally higher than that observed in this study. In beef cows, W a t t s et al. (1986) reported that 7.1% of cows were infected with this organism and Haggard et al. (1983) reported a 9.8 and 10.7% qwrter prevalence of S. aureus in confined and range-pasture herds, respectively. The prevalence for S. aureus in both these studies is in the low ranges reported from dairy herds but is greater than that observed in the present study. The usual method of transmitting S. aureus in a dairy herd is from cow to cow during the millring procedure. It is possible that in beef cows, in the absence of o -t y for cow-to-cow spread at milking time, the prevalence of S. nureus remains relatively low. Other major pathogens reported as isolated from beef cows include Sir. uberis (Wilson et al., 1971 ) and Staphylococcus intermedius (Watts et al., 1986) . The Staph-Trac method of identifying staphylococci used in the present study does not differentiate S. aureus from S. intermedius, so some of the S . uureus reported may actually have been S. intermedius. Streptococcus uberis was isolated from only four quarters throughout the lactation, and, therefore, this organism seemed to be of minor importance in these herds.
The most commonly isolated minor pathogen was C. bovis. A sharp increase in the prevalence of this organism occurred between mid and late lactation (from 7.6 to 18.2% of quarters). This was somewhat surprising because this organism, like S. aureus, is thought to be transmitted from cow to cow in dairy herds. In beef cows, with the calf as vector, the organism might readily be spread from one quarter to another in the same cow, but spread from cow to cow seems unlikely because cross-suckling is believed to occur only rarely in beef cows. However, without cross-suckling there seems to be no plausible explanation for the spread of C. bovis throughout these herds.
Although it may be rare for a calf to nurse a cow other than its dam for any appreciable time, "hit and run" incidents, or brief periods of nursing, may be tolerated by some cows (P.
J. LeVan, personal communication). Brief contact with a calf's mouth carrying the organism may be all that is necessary to contaminate a teat end and begin a teat duct colonization. Other investigators have not reported isolating this organism in beef cows; however, it is fairly common in the udders of dairy cows (Packer, 1977;  Eberhart et al., 1982) .
Geometric mean SCC for uninfected quarters of beef cows in this study were surprisingly low, ranging from 20,000 to 18, OOO cells/ml as lactation progressed. These values for uninfected quarters are lower than those reported previously for both dairy and beef cows. In one study of dairy cows, a range of (Philpot, 1969; Woods, 1977; Poutrel and Rainard, 1980 for several weeks only, so the udders of the beef cows were without protective antibiotic levels for much longer than in dairy cows.
Calf Weight Gain. Calves from uninfected dams gained 6.8 kg more (P < .05) than calves from infected (any type infection) dams during the age interval from 60 to 100 d. Similarly, calves from uninfected dams gained 6.8 kg more than calves from dams infected with S. aureus during the same time interval. A difference in gain of 9.6 kg in favor of calves with uninfected dams was also observed over the entire preweaning period (0 to 205 d). Previously Haggard et al. (1983) reported that mean 205d weights of calves with uninfected dams were 13.0 kg greater than those of calves with S. aureus-infected dams. Similarly, Watts et al. (1986) reported lower 210-d weaning weights in calves with S. aureus-infected dams than in calves with uninfected dams. There were no differences in gain between calves from C. bovis-infected and d e c t e d dams. C. bovis seems to have only minor effects on SCC or milk production (LeVan et al., 1985) . so its lack of effect on calf gain is not surprising.
Calves are most dependent on milk during the first 2 to 3 mo of life (Haggard et al., 1983;  G i l l , 1987). However, a young calf may not be able to use the full capacity of the udder during this time, especially if the dam is a high producer. This may be an explanation fur the abnormal secretions collected postcalving in 10 rear quarters of five cows during this study. Because this abnormality was not attributable to infection, it was hypothesized that calf demand for milk was initially met by the yield of the front two quarters only. However, by mid-lactation, secretions of these quarters were normal in appearance. This change suggested that, as the calf grew, the rear quarters were also utilized to meet increasing nutrient demands. If, as this finding suggests, the calf does not use the full output of the udder during early lactation, then infections that limit milk yield may have little effect on calf gain during this period. However, as the calf matures, its appetite increases, and it becomes better able to utilize the full capacity of the udder. This may explain why limiting effects of infection on calf weight gain were most apparent between 60 and 100 d of calf age.
Thus, calves from both S. aweus-infected cows and cows with infection with any pathogen had lower gain during the period from 60 to 100 d. For dams infected with any mastitis pathogen, the effect on calf gain during this period was statistically significant but did not persist over the entire preweaning period. The lighter calves from infected dams seemed to compensate during the second half of lactation (100 to 205 d), and no effect on calf gain due to infection status could be demonstrated either in the second half of lactation or in overall gain from 0 to 205 d. However, the calves nursed by dams infected with S. aureus, a major mastitis pathogen, apparently could not compensate completely in the second half of lactation for the effect on gain during the interval from 60 to 100 d, and gain over the entire 2054 preweaning period was significantly reduced.
Treatment of beef cows during the dry period is complicated by the lack of a reliable screening test for identifying infected cows. Thus, it may be necessary to consider treatment of all dry cows. In the present study, the calf weight gain difference of 16.4 kg ( Table  14) between calves with dams infected with any pathogen and calves with uninfected dams approached significance (P < .l). It seems from this study that treatment during the dry period might eliminate infection in 23 of every 100 cows in the herd. If every eliminated infection resulted in 16.4 kg additional calf gain, 377.2 kg more calf weight per 100 cows would be available fur sale. The benefit of treatment might be increased if, for example, primiparous cows were left untreated, because prevalence of infection seems to be higher in older cows. If treatment of dry cows can be justified in the herds in the present study with a low prevalence of infection, herds with higher prevalence of infection might realize greater benefits.
Implications
At present we do not recommend general use of antibiotics in the mammary glands of beef cows during the dry period. Additional research on the prevalence of infection in beef herds and the likely effects of dry cow therapy under field conditions are needed. Should the practice seem useful, educational programs stressing the need for aseptic treatment techniques will be required.
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